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._. Recently, a planned expe~iment, was d.escdbed. [~] to measure 
the phase shift of a sl~w neutr,on. moving .through _the narrow; 
channel. The experiment is, bil!'ed o~· the geometrical example 
of quantum nonlocality, show~ in [2, 3]: . the: phase shift in the 
neutron·wave functionarises.due,toa change in itsenvironment 
(bbundary conditions) when the n~utton enters a narrow channel. 

The resulting phase shift can be calcul~ted via energy argu
ments. The ·energy E of a neutron with the mass m 'moving in: 
the z-direction in the spatially (x, y)·restrided geometry (a tub({ 
with a square cross section with side a) is:;; .... ,,,,; · · 

; '; . r_. .• , :;·. 

E = p;j2m + (n; + n!)?f~n~/2ma~., 
' ' ... '" ,,. . .. '. ',{1). 

For the case nx = ny = 1, the change, of the incident momen-
tum Po due to introduction of constridi6n i·s· . . ' 

b,.p =Po-p= V2mE(r~J1..:. ~2n2 frnEo)}-id. (1rn/a? fp. (2) 
. .• • .. . , . , ,_ . .,./ : --·. ··~· .. , •.· :t_;_~·-- .~ .. ::'< _\r{·;; 

-The corresponding pliase shift' at the ·c.Jiari.nel !ength · L is -

b,.cp .:._ Lb,.pfn. (3) 
'~ . • \ ·:··· f _ _>1 ~-~-.. ·~.--~ .. ·.·· ,..~: .. , : .r 

· -However,- the :perfect 'cryst~11netitr6n:'interfetometers are usu~ ·' ·. 
ally oriented horizontally. Therefore, for a n~utron travelling 
through' the channel in the h6rizm:ita.J. 'z~~liiecti8n, an' apditional 
shift of the energy levels takes 'p~ace 'due to the im~seilce of 'a: 
graviht~ional field (in the vertical y'-direct,iori). -~nd the. refl~ct
ing horizontal, inner lower surface ~f the' hori~ontally oriented. 
channel [4]. 

IS 

The real potential for the neutron in the horizqntal- channel· 
• -.. •• • •• > -~ '· • " 

V(x) 
· V(x) 

V(y) 

V(y) 

/ ' I . ~ ~ " J, •• • • ~ • 

0, ·for a :>.x > 0, 
,, 

VO,. f~r X :::;0 and. x>'a; 
' • ,; . } ' ' ~ '' • ( ' 'J ~ • 

(4) 

- mgy,..for a,>Yl>"9, ~-- ·: 
- Vo+ mgy, for "y < 0 and y.>'a, (5) 

;; n,, ... ""n·······., .. ;n ...... -1"11'T I . 
.~~ t~./'.:~.i.J..,. oU"li'J.:~~ u~ .. _,,~ •;,• .: 
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where Vo . ::4irNb is· the potentiar of the.refledi~g wall~ of 
the channel, N is 'the atomic· density, b is the'·coherent scattering 

· length'of the' wallsubst~ce; ~d g is' accelerati.oli of gravity. : 
. The table shows the results of comput~tioris fo~ the lo~est eri-. 

ergy levels Ef (in 10~13e V) for a neutro~ in th~ ~ne-dimensi~nai 
potential (5) (a= 20J.Lm, Vo'= 100neV). · ' ·· · · ·. ·. ·· 

. .. • -· . - t i 

Level number i . · 
Potential well,wit.hout gravity 
Gravity with a reflecting · 
horizontal surface 

,..! '1' 
'5.09 

'2' · .. 3 . 

20.4 45~8 

4· 
81.5· 

'l._ 

Gravity in the potentia!' well •. Ef 
14.0 
14:4 

24:5 'l 33.05' 40.6 
30.0 ' 54.0 87.3 

, .. 

It follo~s from the apove that (1) transforms into · . "" 

E. . . · p~/2rrt·+n~7r2 'h2/2ma2.-tEf. 
' ' •• • ' ' '> 

.;- (6) .. \ 

For the case where nx .·· i = 1, for the above example, corre-
sponding ph~s~ ~hirt will'be . . ' . . . : . . . : ' ' ). ' ' 

' 

., • ~<P . ( .... 2 2:!/. : 2 +,:1/2). ~cp ~q.9Acp. . ,. (7) 
· · n 1r rna · · ., . · 

• X . . 
• tt '·"I' 

· · In.· this e~p~fi~ent,·· both the nonloc~ .qu~tum. mechanical 
effe~t' a~d ·the illflue~ce of gr~v:ity on the . qu~tu; phase ~ay 
be d~monstrated sim~ltaneously. To. separate th~se .two effe~ts,. 
~ea.Sure~ents \vithdifferently sized constri~tion are po~sibl~. . . ; ' . ' ' ' . ~.. - ·' . . " . ~ 
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